Abstract The iliac crest bone grafting (ICBG) technique for lumbar posterolateral fusion surgery is widely used; however, donor site problems such as pain and sensory disturbance have been reported. Local bone is available for fusion surgery, but its reliability as a graft has not been fully reported. In the current study, we examined singlelevel instrumented posterolateral fusion with a local bone graft versus an ICBG in a prospective randomized study. Eighty-two patients diagnosed with L4 degenerated spondylolisthesis were divided into two groups at random. Forty-two patients underwent instrumented posterolateral fusion with a local bone graft (L4-L5 level), and 40 patients underwent instrumented posterolateral fusion with an ICBG (L4-L5 level). Rate and duration of bone union, visual analog scale (VAS) score, Japanese orthopedic association score (JOAS), Oswestry Disability Index (ODI), and complications were evaluated before and 2 years after therapy. VAS score, JOAS, and ODI were not significantly different between the two groups before and after surgery (P [ 0.05). Rate and average duration of bone union were 90% and 8.5 months in the local bone graft group, and 85% and 7.7 months in the ICBG group, but without significant difference (P [ 0.05). Prolonged surgical time and complications such as donor site pain (8 patients) and sensory disturbance (6 patients) were observed in the ICBG group. If single-level posterolateral fusion was performed, local bone graft technique has the same bone union rate compared with ICBG, requires less surgical time, and has fewer complications.
Introduction
Degenerative lumbar spondylolisthesis accompanied by low back pain and leg pain is sometimes treated with surgery when conservative treatment fails. Instrumentation surgery such as posterolateral fusion combined with a bone graft has been widely used for degenerated lumbar spondylolisthesis.
Autologous iliac crest bone grafting (ICBG) is considered the gold standard in lumbar spinal fusion. However, the outcome of autograft use in lumbar spine fusion is associated with donor-site morbidity, such as risk of infection, hematoma, fracture, wound healing problems, and donor-site pain [1, 4, 5, 8, 11] . These complications caused by the bone graft harvesting can result in disability and thus increase the recovery time and patient care costs.
To avoid donor-site problems, there have been several reports of the use of local bone in lumbar fusion. Successful fusion has been reported using local bone alone for long posterolateral fusion in adolescent idiopathic scoliosis [10] . Local in situ autografts in instrumented posterolateral fusion of the lower lumbar or lumbosacral spine for treating degenerative spondylolisthesis have been evaluated [6] . Successful fusion mass was radiographically confirmed in 93% of patients at the arthrodesis level [6] . Clinical and radiologic outcome of instrumented posterolateral lumbar fusion using local bone versus autogenous ICBG have been evaluated retrospectively [9] . There was no significant difference in single-level fusion rate and overall clinical outcome between the two groups [9] . The investigators concluded that local bone graft alone achieved a similar clinical outcome, but with less morbidity irrespective of number of fusion levels [9] . However, there has been no study using a prospective randomized method.
The purpose of the current study was to examine the difference in bone union and clinical results after singlelevel posterolateral fusion surgery using a local bone graft versus an ICBG, in a prospective randomized study.
Methods
The ethics committee of our institution approved the protocol for the human procedures used in this study.
Patients
Patients had low back and leg pain, continuing for at least 12 months. Patients were diagnosed with lumbar degenerated spondylolisthesis at the L4 level with spinal stenosis between L4 and L5 level. X-ray examination, myelography, computed tomography (CT) after myelography, and magnetic resonance imaging (MRI) were performed in all patients for diagnosis.
Patients who had previously undergone spinal surgery were excluded. We also excluded spinal tumor, infection, and trauma.
Diagnosis of L4 spondylolisthesis and inclusion criteria for fusion surgery were (1) [5% slip of L4 vertebra in a neutral position; or (2) [3 mm translation between flexion and extension positions on radiographic evaluation.
The patients were randomized according to the minimization method for surgery using local bone graft or surgery using ICBG [7] . We employed sex and age as stratification factors. Details of the patients' backgrounds are shown in Table 1 .
All patients underwent decompression (L4-L5 laminotomy) and posterolateral fusion surgery at a single level between L4 and L5. Posterolateral fusion was performed using pedicle screws and a bone graft. Local bone consisted of spinal processes of both L4 and L5 and lamina between L4 and L5. Only local bone was transplanted in the local bone graft group. ICBG was harvested from the left iliac bone using a separate skin incision. Cortex and cancellous bone were obtained from the outer side of the iliac crest (length 40 mm, depth 30 mm). For the ICBG group, both ICBG and local bone obtained at decompression were transplanted. To evaluate the efficacy of each method we determined the amount of local bone graft in each patient. We measured the entire volume and then averaged this over the number of segments (2 segments).
We evaluated the change in low back and leg pain before and after surgery. To evaluate the pain score, the visual analog scale (VAS) score (0 no pain, 10 worst pain), Japanese orthopedic association score (JOAS: 0 worst pain, 3 no pain), and Oswestry Disability Index (ODI) were recorded before and 24 months after surgery and compared.
Radiography was used for evaluation of bone union. Profile views of X-ray images at flexion and extension positions before and 3, 6, 9, 12, 18, and 24 months after surgery were evaluated. We defined bone union of\1.5°as instability between the flexion and extension positions.
Computed tomography was performed to evaluate bone union at 6, 12, 18, and 24 months after surgery. We defined bone union as bridging bone formation across the transverse process between adjacent vertebrae.
Evaluation of bone union was blinded and performed by three observers. If at least two of the observers concurred, bone union was used to define the period of bone union.
Statistical analysis
Data were compared using a Mann-Whitney U test. P \ 0.05 was considered statistically significant. Table 1 shows demographic characteristics in patients before surgery. There was no significant difference in patients' background, low back pain score, and leg pain score between the local bone graft and ICBG groups (P [ 0.05).
Results
Intraoperative measurements are shown in Table 2 . Surgical time in the local bone graft group was significantly shorter than that of the ICBG group (P = 0.045). However, there was no significant difference in blood loss between the two groups (P [ 0.05). The total volume of local bone and the volume of graft bone used for one segment were 14.0 ± 3.0 and 7.0 ± 2.1 g, respectively. Total volume of ICGB and the volume of graft bone used for one segment were 22.0 ± 4.5 and 10.0 ± 2.9 g, respectively.
Evaluation of bone fusion is shown in Table 3 . Most patients show bone union at final follow-up (24 months after surgery). The ratio of bone union was 83% (evaluation by X-ray examination) and 90% (CT) in the local bone graft group, and 85 and 85% in the ICBG group, respectively. There was no significant difference in the ratio of bone fusion evaluated by X-ray examination and CT between the two groups (P [ 0.05). The average period of bone union was 7.5 months (evaluation by X-ray examination) and 8.5 months (CT) after surgery in the local bone graft group. The average period of bone union was 8.0 months (evaluation by X-ray examination) and 7.7 months (CT) after surgery in the ICBG group. There was no significant difference in average period for bone union between the two surgical groups (P [ 0.05). Four patients in the local bone graft group did not show bony union, nor did six patients in ICBG group at final follow-up using CT evaluation. We observed loosening of pedicle screws in all patients; however, we did not observe breakage of screws or rods.
Pain score VAS score, JOAS, and ODI were not significantly different between the two groups before surgery (P [ 0.05) ( Table 1) . In both groups, VAS score, JOAS, and ODI significantly improved after surgery compared with before surgery (P \ 0.01). VAS score, JOAS, and ODI at final follow-up (24 months) after surgery were not significantly Evaluation by X-ray 7.5 ± 2.0 (6-24) 8.0 ± 2.4 (6-24) N.S.
Evaluation by CT 8.5 ± 3.0 (6-24) 7.7 ± 2.0 (6-24) N.S. different between the two groups (P [ 0.05). There was no significant difference in VAS score, JOAS, and ODI at final follow-up (24 months) after surgery among bone union in the local bone graft group, bone non-union in the local bone graft group, bone union in the ICBG group, and bone non-union in the ICBG group (P [ 0.05) ( Table 4 ).
Complications at final follow-up Table 5 shows complications at final follow-up. There was a deep infection (surgical site infection) in the local bone graft group. There was no other complication in the local bone graft group. However, sensory disturbance around the iliac crest in eight patients and donor site pain in six patients were found in the ICBG group.
Discussion
In the current study, bone union, clinical results, and complications were examined after single-level posterolateral fusion surgery using a local bone graft versus an ICBG in a prospective randomized study. Rate and average duration of bone union were not significantly different in the local bone and ICBG groups. However, prolonged surgical time and complications such as donor site pain were observed in the ICBG group. Some authors have reported complications from harvesting ICBG [1, 4, 5, 8, 11] . A consecutive series of 261 patients, whose bone graft harvest was conducted by one surgeon, was studied [5] . Major complications such as hematoma, wound infection, reoperation, and chronic severe pain occurred in 10% of patients [5] . Minor complications such as dysesthesia and superficial infection occurred in 39% of patients [5] . In the current study, sensory disturbance around the iliac crest in eight patients (20%) and donor site pain in six patients (15%) were seen in the ICBG group 2 years after surgery.
Some authors have reported the efficacy of instrumented posterolateral fusion using ICBG for degenerated spondylolisthesis when compared with decompression only or non-instrumented posterolateral fusion [2, 12] . Prospective studies evaluating fusion rate using instrumented posterolateral fusion with ICBG showed results from 82 to 95% [2, 12] . There has been one report comparing the clinical and radiologic outcome of instrumented posterolateral lumbar fusion using local bone versus an autogenous ICBG using a retrospective comparative study [9] . Overall fusion rate was higher in the ICBG group (75%) compared with the local bone graft group (65%), but not significantly different [9] . In the current prospective randomized study, fusion rate using local bone graft and ICBG was consistent with the previous studies.
Clinical results after surgery were not significantly different between the local bone graft and ICBG groups in the current study. However, surgical time was significantly shorter for the local bone graft group compared with the ICBG group. As seen in the retrospective comparison between the two groups [9] , there was no significant difference in overall clinical outcome between the two groups. However, blood loss and hospital stay were significantly less for the local graft bone group compared with 
Leg pain
Visual analog scale (VAS) 1.5 ± 0.6 2.0 ± 0.8 N.S.
Japanese orthopedic association score (JOAS) 2.4 ± 0.5 2.3 ± 0.6 N.S. the ICBG group. In this regard, the current and previous studies demonstrated that the local bone graft technique may be less invasive for patients during and after surgery. It is interesting that there was no significant difference in VAS score, JOAS, and ODI at final follow-up among bone union in the local bone graft group, bone non-union in the local bone graft group, bone union in the ICBG group, and bone nonunion in the ICBG group in the current study. Some authors have reported a discrepancy between bone union and clinical results [2, 3] . Fischgrund et al. [2] reported that successful arthrodesis occurred in 83% of the instrumented posterolateral fusion surgery. However, successful fusion was not predictive of successful patient outcome [2] . Fifty patients who had spinal stenosis associated with degenerative lumbar spondylolisthesis were prospectively studied clinically and radiographically to determine if concomitant intertransverse-process arthrodesis provided better results than decompressive laminectomy alone [3] . Pseudoarthrosis of the fusion mass was seen in 36% of patients; however, the clinical results were excellent. They concluded that the development of a fibrous union appeared to provide sufficient structural support to prevent progressive olisthesis [3] .
The current study has some limitations. It is a smallsized randomized trial and the number of patients was restricted. Second, only the VAS score, JOAS, and ODI were used to evaluate LBP and leg pain; more scores from other evaluative methods would strengthen our findings. Third, because the bone quality of each patient is an important issue, we did not measure bone mineral density. Fourth, we evaluated bone union by functional X-ray imaging and CT. We defined bone union of \1.5°as instability between the flexion and extension positions; however, this method has not been standardized. Fifth, in the current study, we performed massive decompression and harvested local bone consisting of spinal processes of both L4 and L5 and lamina between L4 and L5 (laminotomy). There is a possibility that this procedure may promote adjacent syndrome. If decompression is small, local bone may be insufficient for bony union. Further study is required to clarify these points.
In conclusion, the current prospective randomized study demonstrated that clinical pain scores, rate and average duration of bone union were not significantly different after single-level posterolateral fusion surgery between using local bone or ICBG. However, prolonged surgical time and complications such as donor site pain and sensory disturbance were observed in the ICBG group. The authors recommend local bone grafts for instrumented posterolateral fusion surgery in single-level cases.
